© Publication number: ' 0 268 954 

A2 



© EUROPEAN PATENT APPLICATION 



Application number: 87116789.6 


® Int. Cl<B29C 45/14 


\^ uaie Of filing: 13.11.87 




® Priority: 22.11.86 JP 279245/86 


Aoolicant* NIPPOND^fiO 1 TH 


® Date of publication of aoDlication* 


1. 1-chnniA fihnufnainhn 




01.06.88 Bunetln 88/22 


Dssianatsd Contrartinn Rtatpc* 


Annli/^ant' dJIIUII7fl lUnilCTDV ^AtilBAlLlvr I 

Mppucani. oniMi^u in dust ry wompany ltd. 


ii CnasonDousnita, Httotsugl-cho 


DE FR GB IT SE 


Kanya*shi, Aichi 448(JP) 




® Inventor Nakagawa, Kazuhiko 1-72, Aza 




Mlhoden 




uaza HisniiKe Vvoiacno 




Nukata-gun Alcnl-Ken(JP) 




invemDr: waicayams, Yuji 




Joganjl-2-cnome 




KHa-ku Nagoya(JP) 




Inventor Nakata, ShuJI 




6*1, Kyowacho-l-chome 




Obu-shl(JP) 




Inventor Shimlzu, TadashI 




Bern Shato MInamlyama 306 19-1, 




Minamlyamacho 




MIzuho-ku N8goya(JP) 




® Representative: Klingsetsen, Franz. D[pl.-lng. 




etal 




Dr. F. Zumstein Dlpt.-lng. F. Kllngseisen 




Brauhausstrasse 4 




D-8000 MUnchen 2(DE) 



© Method of producing synthetic resin made articles having porous elastic member. 



applying a dwell pressure of a preset level for a 
prescribed period of time to the synthetic resin in- 
jected into said mold, and 

a method of producing a synthetic resin made 
article having porous elastic members, which is use- 
ful as an air duct opening/closing damper adaptable 
in air conditions for automobiles, which comprises 
the steps of: 

placing the porous elastic members in position 
against ttie inner wall surfaces of each pair of oppos- 
ing segments of an injection mold splittable into two 
or more segments; 
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Cjl® A method of produdng a synthetic resin made 
Particle having a porous elastic member.which is use- 
ful as an air duct opening/closing damper adaptable 
If) in air conditions for automobiles, comprising the 
^ steps of: 

00 placing a porous elastic memtser in position 
<D against the inner wall surface of one of the opposing 
*^ segments of an injection mold splittable into two or 
Onriore segments; 

f\ closing said injection moid and compressing said 
Ijj porous elastic member by the clamping pressure; 

casting a synthetic molding resin along the 
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two porous elastic members by clamping pressure 
while the protuberant end of a gate provided in the 
mold is thrust into said elastic members so that said 
protuberant gate end will pass through one of the 
two porous elastic members and slightly wedge into 
the surface of the other elastic member; 

casting a synthetic molding resin along the 
opposing faces of said two porous elastic members; 
and 

applying a dwell pressure of preset level, for a 
prescribed period of time, to the synthetic resin 
injected into said mold. 
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METHOD OF PRODUCING SYNTHETIC RESIN MADE ARTICLES HAVING POROUS ELASTIC MEMBER 



BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

This invention relates to a method for efficiently 
producing the articles having a joint structure con- 
sisting of a synthetic resin portion and a portion 
made of a porous elastic member, such as an air 
duct opening/closing damper adaptable in air con- 
ditioners for automobiles, by using a synthetic resin 
injection molding machine. 

DESCRIPTION OF THE PRIOR ART 

In order to give airtight sealing properties and 
an impulsive sound absorbing capacity (when the 
damper is dosed) to said hard synthetic resin- 
made damper body, the idea of efficiently incor- 
porating a porous elastic member such as soft 
polyurethane foam sheet has been proposed in 
Japanese Patent Application Kokai (Laid-Open) No. 
24939/86. 

This patent application shows techniques for 
forming a laminate damper according to which a 
sort of packing member comprising a soft foam 
sheet having bonded to its surface a sheet for 
preventing the extruded molten resin from perme- 
ation into said foam sheet is prepared, and a mol- 
ten synthetic resin layer is laminated on the sur- 
face of said packing member to a desired thick- 
ness by using a resin extruder, followed by stamp- 
ing molding to form an integral laminate. Also dis- 
closed in this patent application is a sandwich 
structure comprising packing members laminated 
on both sides of a synthetic resin layer. 

Said prior art techniques contribute to the sim- 
plification of tfie manufacturing process in that 
bonding of packing members is accomplished co- 
incidentally with molding of the synthetic resin- 
made damper body by making use of the bonding 
properties of molten resin. 

On the other hand, this technique still involves 
several problems to be solved such as mentioned 
below: 

(a) The time required for the manufacturing 
process is too tong because of a series of steps 
involving stamping after extrusion of a molten syn- 
thetic resin onto the surface of packing member. 

(b) Although it is possible to make a planar 
laminate structure, it is difficult to obtain an article 
having a three^limensional configuration. 



(c) Adhesive force between the soft foam 
sheet and the resin pemieation preventive sheet 
made of paper or cloth tends to vary from product 
to product, and also the bonding strength between 

5 packing member and resin molding may prove 
unsatisfactory. 

The present invention has for its object to 
provide an injection molding method for integral 
molding of a porous elastic memljer and a syn- 

10 thetic resin, which method is capable of substan- 
tially eliminating said problems of the prior art. 

SUMMARY OF THE INVENTION 

75 

In order to attain said object the present inven- 
tion provides, in an aspect thereof (first invention), 
a method of producing synthetic resin-made arti- 
cles having a porous elastic member, comprising 

20 the steps of: placing a porous elastic memt>er in 
position against the inner wall surface of one of the 
opposing segments or splits of an injection mold 
splittable into two or segments: closing said injec- 
tion mold and compressing said porous elastic 

25 member by clamping pressure: casting a synthetic 
molding resin along the surface of said porous 
elastic member while adjusting the injection pres- 
sure stepwise, in at least two steps, in such a way 
that the peak value thereof won't exceed 250 

30 kg/cm2; and applying, for a predetermined period 
of time, a dwell pressure of a preset level not 
exceeding 500 kg/cm^ to the synthetic resin in- 
jected into said moid. The invention also provide, in 
another aspect thereof (second invention), a meth- 

35 od of producing said synthetic resin-made articles 
comprising the steps of: placing the porous elastic 
members in position against the inner wall surfaces 
of each pair of opposing segments of an injection 
mold splittable into two or more segments: closing 

40 said injection mold and compresing said two po- 
rous elastic members by clamping pressure white 
the protuberant end of a gate provided In the mold 
is thrust into said elastic memt>ers so that said 
protuberant gate end vnll pass through one of said 

45 two porous elastic members and slightly wedge 
into the surface of the othen casting a synthetic 
molding resin along the opposing surfaces of said 
« two porous elastic members while adjusting the 
injection pressure stepwise, in at least two steps, in 

so such a way that the peak value thereof won't ex- 
ceed 250 kg/cm2: and applying, for a prescribed 
period of time, a dwelt pressure of a preset level 
not exceeding 500 kg/cm^ to the synthetic resin 
injected into said mold. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1, 3 and 4 are diagrammatic Illustra- 
tions of the first second and third embodiments of 
the invention, illustrating the manufacturing process 
according to the first invention of this application as 
it was applied to the manufacture of an air duct 
opening/closing damper to be incorporated in an 
air conditioner for automobiles. 

FIG. 2 is a partial enlarged illustration of a 
step in the process of FIG. 1 . 

FIGS. 5 to 8 are diagrammatic illustrations of 
the fourth to seventh embodiments of the invention, 
illustrating the manufacturing process according to 
the second invention of this application. 

FIG. 9 Is a graphical representation of the 
difference in Injection molding conditions between 
the method of this invention and a conventional 
method. 

RGS. 10 and 11 are diagrammatic graphs 
illustrating the manner in which the foam sheet in a 
compressed state in the mold endures the moving 
force and deforming action given by the pressur- 
ized resin flowing in the mold in the processes of 
the first and second inventions of this application, 
and enlarged views of the gate and its neighbor- 
hood. 

In the first invention, a porous elastic member 
(hereinafter referred to as foam sheet) is set 
agalrist the* inner wall surface of one of the op- 
posedly positioned splits or segments of a split 
injection mold and then the mold is clamped to 
thereby make compact the texture of the foam 
sheet. Then a molten synthetic resin is injected 
first under a low injection pressure. As the foam 
sheet is further compressed by the injected resin 
pressure, the degree of compaction of said foam 
sheet is raised accordingly while the restn begins 
to flow along the foam surface by forming an 
injection space. When this stage ts reached, the 
injection pressure is adjusted stepwise to a rela- 
tively high second level. This allows smooth flow of 
the resin while preventing the foam sheet from 
being sifted on receiving a large injection pressure 
or suffering from other troubles such as turned up 
at its edge or caught up into the flow of resin, and 
thus the resin Is rightly injected into and fills the 
mold- The injected synthetic resin slightly pene- 
trates into the porous surface portion of the foam 
sheet and is solidified in this state, so that the foam 
sheet is strongly bonded to the surface of the 
injection molded synthetic resin. 

Then, by using the conventional injection mold- 
ing technology, the Injection pressure is further 
raised and kept for a predetermined period of time 
and then the mold is cooled. This can ensure the 
required strength of each part of the molded article. 

When the molded article is drawn out of the 



mold after cooling, the compresed foam sheet re- 
stores its state before compression. 

In the second invention, the molten resin is 
injected to the interface of the two foam sheets 

5 placed one on the other in a compressed state in 
the mold, as opposed to the first invention in which 
Vne molten resin is injected into the space t>etween 
the inner wail surface of the mold and the surface 
of the foam sheet In the second invention, there- 
to fore, the resin flow might be retarded due to the 
low rigidity of the interface and the increase of flow 
resistance. In view of this, the second invention 
incorporates a specific gate design such that the 
end portion of the gate will be slightly wedged into 

75 the surface of one of the two foam sheets so as to 
form in the other foam sheet surrounding the end 
portion of the gate, a compression reducing zone 
where the compressive force by the clamping pres- 
sure is lessened. 

20 Owing to this measure, the resin extruded from 

the gate warily under an initial low Injection pres- 
sure can make its way while easily pushing aside 
the foam sheet placed around the gate. Thus, when 
a "foothold" was set for allowing the molten resin 

25 to flow on smoothly along the entire casting area, 
ttie injection pressure is now raised up stepwise to 
a relatively high level. This enables smooth 
progress of the fiifrng of molten resin in the space 
between the opposing faces of the two foam 

30 sheets, thus forming a synthetic resin layer having 
an almost uniform thickness corresporKjing to the 
thickness of foam sheets, the degree of their com- 
pression and injection pressure. 

In the process of this second invention, as in 

35 the case of the first invention, there takes place no 
shift or deformation of foam sheets in the molten 
resin injection step, and the foam sheets are bon- 
ded by tiiemselves to the surface of the injection 
molded synthetic resin surface. Also, the foam 

40 sheets after drawn out of the mold can substantially 
restore the thickness t)efore compression- 
According to ttie process of the first invention, 
the formation of a synthetic resin nr>olding by injec- 
tion molding and bonding of a porous elastic mem- 

45 ber such as foam plate to the surface of said 
molding can be accomplished simultaneously in an 
injection mold, so that it is possible to perfectly 
dispense with the separate step of molding by use 
of an adhesive in the conventional process. 

50 . Also, since the injected resin is cooled and 
solidified with a part of the resin permeated into the 
surface texture of the porous elastic member under 
the Injection pressure, an amazingly high bonding 
strength is afforded. 

55 Further, it is possible to obtain integral 

Injection-molded articles having complicated three- 
dimensional configurations unobtainable with the 
conventional stamping molding method, and in ad- 



5 



0 268 954 



6 



dition to that, a sufficiently high productivity is 
realized. 

According to the second invention, in addition 
to the effect of the first invention described above, 
it becomes possible to smoothly inject the syn- 
thetic resin in between two compressed foam 
sheets placed one on the other in the mold and to 
produce simply and quickly the synthetic resin- 
made molded articles having said foam sheets 
strongly bonded to both sides of the injection- 
molded resin layer. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The structure of the present invention will be 
described more minutely below by referring to the 
examples illustrated in the accompanying drawings. 

In the drawings, FIG. 1 shows a process for 
producing an air duct opening/closing damper 
adaptable in an air conditioner for automobiles ac- 
cording to the first embodiment of the present 
Invention (first invention). 

The damper C. illustrated secttonally in FIG. 1- 
(f), is of a structure in which a foam sheet 2 such 
as a soft polyurethane foam is bonded as a porous 
elastic member to the b>ack side of the damper 
body 1 made of a hard synthetic resin plate. 

The main steps for making such damper C 
comprise cutting out a foam sheet of required 
dimensions from a blank and trimming it. forcing 
this foam sheet into an injection mold in a com- 
pressed state, and injecting the molten synthetic 
resin into the space between said foam plate in a 
compressed sheet and the inner wall surface of the 
moldt letting the resin spread over the entirety of 
said space. 

In this embodiment a polypropylene resin 
blended with 40% by weight of mica powder as 
filler was used as hard synthetic resin 1 for injec- 
tion molding. Used as foam sheet 2 was a soft 
polyurethane foam sheet cut out from a blank so as 
to have dimensions of 150 mm In length. 100 mm 
in width and 9 mm in thickness. The material of 
this foam sheet was polyester type polyurethane, 
and the foam had a foaming rate of 30 times and 
an average cell size of about 500 

The injection mold shown in FIG. 1(a) consists 
of a upper die 11 and a lower die 12. the latter 
having a cavity 12A of 2.5 mm in depth and equal 
to foam sheet 2 in plane area. A direct gate 10 is 
incorporated in the upper die 11 . 

FIG. 1(b) illustrates the step of fitting foam 
sheet 2 into said cavity 12A of the lower die 12. 

The split injection mold (consisting of upper die 
11 artd k>wer die 12) is then held between a fixed 
platen 21 and a movable platen 22 as shown in 



FIG. 1 (c) and clamped by a ram 23, whereby the 
foam sheet 2 is perfectly pressed into the cavity 
12A and compressed to about 28% of its origiani 
thickness. 

6 This is followed by the synthetic resin injection 

step shown in FIG. 1(d), In this step, the mica- 
blended polypropylene resin, which has been melt- 
ed and plasticized by being heated to about 220 °C 
in an injection cylinder 25, is injected toward the 

TO gate 10 through a nozzle 24 under a pressure of 
about 100 kg/cm2. The injected resin pushes aside 
the foam sheet placed confronting the end face of 
the gate 10, makes its way along the end face of 
said gate 10 and then begins to flow toward the 

IS peripheral area of the gate 10 while spreading out 
the interface between the Inner wall surface of the 
upper die 1 1 and the foam sheet 2. 

FIG. 2 is a partial enlarged view of said step 

(d) for illustrating the proceeding of this step. The 
20 molten resin 1 injected from the gate 10 exerts a 

compressive force to the foam sheet 2 as shown 
by white arrows in the drawing, whereby the foam 
sheet 2 which has already been compressed con- 
siderably by the clamping pressure is more strong- 

25 ly compressed as shtown in the drawing. Con- 
sequently, the porous and flexible structure of the 
foam sheet before compressed is strikingly 
changed into a very compact texture. Therefore, 
the molten resin which has a considerable degree 

30 of fluidity can not easily permeate into the foam 
sheet 2. However, since there still remains the 
porous structure microscopically, the molten resin 
slightly permeates into the very shallow surface 
layer area 2A shown by short slant lines in the 

35 drawing, and the solidified resin layer 1 and the 
foam sheet 2 are strongly bonded to each other 
through said area 

When such a stage Is reached in around 2 
seconds after start of the injection, the injection 

40 pressure is raised stepwise to 200 kg/cm^. As a 
result, the foam sheet Is further compressed by the 
pressure of injected resin in the contact area be- 
tween the foam plate 2 and the inner wall surface 
of the upper die 11 and is thus progressively 

45 spread out, so that thereafter the resin can smooth- 
ly flow into said foam space and the casting of the 
resin over the entirety of the foam sheet is com- 
pleted in at>out 6 seconds after start of the injec- 
tion. 

so The flow rate of the resin into the mold during 
this period w^ about 15 mm/sec. The thus formed 
molten resin layer is kept to an almost uniform 
thickness in its entirety owing to the balance of 
force between the restorative force of the foam 

55 sheet 2 against the compressive deformation and 
the pressure possessed by the injected resin (step 

(e) ). 

In the case of this embodiment the foam sheet 
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2 is compressed from 9.0 mm to 2.5 mm by being 
confined in the mold and is further compressed to 
about 0.3 mm. approximately 3.3% of its original 
thickness, as it receives the injection pressure of 
molten resin. The compression rate has reached 
97%. 

After filling of the space between the foam 
sheet and the inner wan surface of the mold with 
the molten resin has been completed, the injection 
pressure is raised to the level of 400 kg/cm^ and 
this level of injection pressure is maintained for 
about 4 seconds, thereby to attain the texture sta- 
bilization of the molding resin layer and the im- 
provement of its properties. Then, after the cooling 
step, the completed article is withdrawn from the 
mold (step (f)). 

The molded article taken out of the mold has 
the foam sheet 2 very strongly bonded to the back 
side of the damper body 1 made of an injection 
molding of a hard synthetic resin and can be 
offered as a finished product 

This owes to the effect of partial penetration of 
resin into the surface of foam sheet. That is, as 
already mentioned above, when the molten resin 
moves on in between the foam sheet and the inner 
wall surtace of the mold, a part of said resin 
penetrates into the fine and complicate porous sur- 
face texture of the soft polyurethane foam sheet 2 
and this state is fixed when the resin is cooled and 
solidified to produce a mechanical txinding effect. 

In the finished damper C. the damper body 1 
made of a mica-blended polypropylene resin had 
an almost uniform thickness of about 2.2 mm and 
the foam sheet 2 bonded to the back side thereof 
was reduced in thickness by about 2 mm and had 
a thickness of about 7.0 mm. This is due to the 
fixing of the resin-permeated portion by said bond- 
ing effect of the resin solidified in the state of being 
compressed by injection pressure and clamping 
pressure. However, the portion where no resin has 
permeated completely restored the properties of 
the original porous elastic body upon removal of 
compressive force. 

Electron microscopical obsen/ation of the 
damper tsody 1 along its thickness showed that one 
side thereof constituted a mechanical bonded zone 
of entangled foam sheet texture and synthetic resin 
through a thickness of about 200 microns. 

There was fear at the start of the experiment 
that when the injected molten resin forces Its way 
between the foam sheet 2 and the inner wall sur- 
face of the mold, some undesirable effects might 
be given to the foam sheet such as the possibility 
of the foam sheet being shifted in the mold cavity 
by the pressurized resin flow or turned up or twist- 
ed at tts edge or caught up in the resin flow. Such 
fear, however, was annulled by using the molding 
conditions of the present invention. 



One of the key factors that enabled obtainment 
of the desired molded articles under such specific 
injection molding conditions Is that the texture of 
the foam sheet 2 was made akin to that of the r»on- 

5 porous rigid body by exterting a strong compres- 
sive force while allowing the foam sheet to maintain 
a certain degree of compression deformability. 

Another factor is that the injection pressure of 
molten resin is kept to a considerably lower level 

JO than used in the conventional injection molding 
methods, and also such injection pressure is not 
raised at once but adjusted stepwise, In at least 
two steps- 

FIG. 9 is a graph showing a comparison of the 

75 synthetic resin injecting conditions most commonly 
used in the conventional methods and the injecting 
conditions used in the present Invention. It is seen 
that in the conventional injection molding methods, 
the injection step is carried out by applying an 

20 injection pressure of as high a level as 1.O00 
kg/cm2 at once and maintaining this pressure level 
for a predetermined period of time. 

According to the method of this invention, the 
highest injection pressure is controlled to a fairly 

25 low level - 250 kg/cm^, and this highest pressure is 
not applied at once but the injection (pressure is 
applied by adjusting it stepwise, in at least two 
steps as mentioned above, according to the flowing 
condition of molten resin. After the resin injection is 

30 completed, a dwell pressure of 400 kg/cm^ is main- 
tained for a preset period of time. This method 
makes it possible to keep the foam sheet 2 from 
receiving an improper or excessive deforming or 
moving force. A comparision of fiow rate of molten 

35 resin in a mold under such Injection pressure 
showed that the flow rate was 50 to 200 mm/sec in 
the conventional injection molding methods, while it 
was as low as 5 to 30 mm/sec in the method of 
this invention. 

40 The third factor that was conductive to the 
formation of desired molded articles according to 
the method of this invention is that the foam sheet 
is pressed into the mold cavity under a com- 
pressed state. This effect will be described in detail 

45 later. 

FIG. 3 shows the steps in the second embodi- 
ment of this invention (first invention). The molded 
article D partially shown in section in FIG. 3(d) is a 
damper similar to that of the first embodiment. 

50 This second embodiment differs from the first 
embodiment in that a thin filmy layer of a tiiermo- 
plastic synthetic resin is laminated on the surface 
side of the porous elastic member. 

In this embodiment, a soft polyurethane foam 

55 sheet 5 having a thickness of 6.0 mm and made of 
the same material as used in the first embodiment 
was prepared as the porous elastic memt)er, and a 
0.3 mm thick polypropylene film 4 was laminated 
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as a thin filmy layer of thermoplastic synthetic resin 
on the surface side (opposite from the side con- 
tacting the bottom face of the mold cavity) of said 
foam sheet 5. 

Said polypropylene film 4 formed by a suitable 
method such as extrusion method of calendering 
method may be laminated on the foam sheet 5 by 
heat fusion or bonding method or may be heat 
fused to the foam sheet coincidentaliy with ex- 
trusion. 

As for the molding material for the damper 
body 1 . a mica-blended polypropylene resin slnr^ilar 
to that used in the first embodiment was selected 
as the thermoplastic synthetic resin of the same 
quality as the polypropylene resin constituting the 
thin filmy resin layer. 

The injection mold is of a two-split structure 
consisting of a upper die 11 and a tower die 12. 
The lower die 12 is provided with a cavity 12A of a 
uniform depth of 2.5 mm. while the upper die 11. 
which is a mere flat plate, is provided with a gate 
10. 

For producing a damper according to this em- 
bodiment, first the foam sheet 5 Is pressed into the 
mold cavity '12A in such a way that the bonded 
side of the polypropylene film 4 will be positioned 
on the upper side (FIG. 3(a)). 

This followed by clamping by which the 6.0 
mm thick laminate foam sheet 5 is pressed into the 
2.5 mm deep cavity and compressed until the 
thickness is reduced to about 40% of the original 
thickness. 

The mica-blended polypropylene resin which 
has been fused and plasticized by being heated to 
about 220" C in the injection cylinder is injected 
toward the surface of the laminate foam sheet 5 
through the gate 10 first under a low injection 
pressure of about 100 kg/cm^. 

The molten resin extruded from the gate 10 
makes its way while pushing aside the foam sheet 
5 positioned confronting the gate 10 and behaves 
in such a manner as to form an injection space, 
thus creating a condition In which the molten resin 
can smoothly flow and diffuse Into the space be- 
tween the bottom face of the upper die 1 1 and the 
upper side of the laminate foam sheet 5. After this 
stage has been reached, the injection pressure is 
raised stepwise to about 200 kg/cm^. This allows 
smooth casting of resin at a low rate of about 20 
mm/sec, and during this period, there is substan- 
tially no possibility of the foam sheet suffering from 
trouble, for example, the possibility of the foam 
sheet being shifted in the cavity by the force of 
resin flow or turned up or twisted at its edge or 
caught up in the resin flow. The reinforcement of 
the flexible foam sheet surface with a poly- 
propylene film 4 of relatively high rigidity Is also 
helpful for preventing the foam sheet 5 from being 



turned up at its edge or caught up in the resin flow 
or preventing the molten resin from getting round 
to the back side of the foam sheet, and the flatn ss 
of the surface of the film 4 facilitates casting of 

5 molten resin. 

During the time when the injected resin flows 
on in the space between the polypropylene film 
bonded side of the laminate foam sheet 5 and the 
underside of the upper die 11. the foam sheet 5 is 

70 compressed to about 0.5 mm under the injection 
pressure, and the compression rate reaches about 
90%. Such a highly compressed state is also help- 
ful for preventing the molten resin from getting 
round to the back side of the foam sheet 5. 

T5 After casting of molten resin into the cavity has 
been completed, the injection- pressure is further 
raised to 400 kg/cm^ and kept at this level for a 
preset pehod of time to thereby attain unrformaliza- 
tion and stabilization of the texture of the resin 

20 layer. 

The thus molded damper body 1 had an al- 
most uniform thickness of 2-0 mm. Since the poly- 
propylene film 4 made of the same material as the 
damper txxly 1 is fused at its surface portion by 

25 the heat of the injected molten resin, the side of 
said polypropylene film contacting the damper 
body 1 is brought into a state of being fused 
together with the surface portion of the damper 
body. Therefore, when the damper body 1 and the 

30 propylene film 4 are cooled and solidified after a 
very short period of fusion, said damper tody 1 
and foam sheet 5 are bonded together very strong- 
ly through the polypropylene film 4. Also, since the 
injected molten resin is prevented from penetrating 

35 into Xhe porous surface portion of the foam sheet 5 
as the resin flow is obstructed by the layer of 
polypropylene film 4, the foam sheet 5 is not 
subjected to said fixing action in a compressed 
state by the infiltrated resin in the course of injec- 

40 tion of the resin. Therefore, the foam sheet portion 
of the molded article withdrawn from the mold 
maintains almost the same thickness as before 
molding, and also the foam sheet suffers from 
substantially no deterioration of properties. 

46 RG. 4 is a side elevation of a damper E 
manufactured as the third embodiment of the in- 
vention (first invention). It will be seen that a damp- 
er swinging arm 30 provided with a pivotal shaft 31 
is integrally molded with the arcuately curved 

50 plate-like damper body ID. The foam sheet 5 hav- 
ing a filmy layer of synthetic resin 4 laminated 
thereon is bonded to the external side of the cir- 
cular arc of the damper body ID. In this emtxKji- 
ment an ordinary injection mold capable of forming 

ss the arm 30 is used as top force. In the drawing, 
30A indicates reinforcing ribs, and 10A shows the 
remains of the resin injection port 

Now, the embodiments of the second invention 



11 



0 268 954 



12 



will be described. 

FIG. 5 shows the steps for making a damper 
adaptable in an air conditioner for automobiles, 
iliustrating the fourth embodiment of the invention 
(an embodiment of the second invention). 

The damper F sectionally shown in FIG. 5(f) 
has a structure in which the foam sheets 2 and 3 
made of soft polyurethane foam or the like are 
bonded as porous elastic member to both front and 
rear sides of the damper body 1 made of a hard 
synthetic resin plate, as opposed to the first Inven- 
tion in which the form sheet is bonded to one side 
alone of the damper body. 

The process for making such damper F com- 
prises principally the step of cutting out foam 
sheets of desired dimensions from a stock blank 
and trimming them, the step of placing said foam 
sheets one on the other and forcing them into the 
injection mold in a compressed state, and the step 
of injecting a molten synthetic resin into the space 
between said two foam sheets in a compressed 
state and letting the injected resin spread over the 
entirety of said space. 

In this embodiment the hand synthetic resin 1 
for injection molding and the two foam sheets 2 
and 3 are of the same material and the same 
dimensions as those used in the first embodiment 
The injection mold shown in FIQ. 5(a) consists 
of a upper die 11 and a tower die 12, the upper die 
being provided with a cavity 11 A and the lower die 
with a cavity 12A« both of said cavities being ZJZ 
mm in depth and equal in plane area to the foam 
sheets 2. 3. A direct gate 10 is incorporated in the 
upper die 1 1 in such a manner that the end (face) 
of said gate 10 projects downwardly from the split 
surface as shown in the drawing and will slightly 
get into the cavity 12A of the lower die. The upper 
foam sheet 2 Is also formed with a hole 2A that 
allows passage of said protuberant gate end there- 
through. 

FIG. 5(b) shows the step in which the two foam 
sheets 2 and 3, placed one on the other, are 
properly positioned in the cavity 12A of the lower 
die. 

Then, as shown in FIG. 5(c), the top and bot- 
tom forces 11 and 12 of the split mold are held 
between a clamping sheet 21 and a movable sheet 
22 and clamped by a ram (not shown), whereby 
the two foam sheets 2 and 3 are perfectly pressed 
Into the cavities 11 A and 12A. respectively, and 
thus compressed to atraut 25% of the original 
thickness. 

Under this state, the protutjerant end of the 
gate 10 slightly wedges Into the surface of the 
lower foam sheet 3. so that the lower foam sheet 3 
is locally pressed downwards and dented annulariy 
around the gate 10 as seen from an enlarged view 
of the encircled portion in the drawing. Accordingly. 



the corresponding bottom side portion of the upper 
foam sheet 2 swells out in a way to fill up the 
space formed by said deformation of the lower 
foam sheet 3. Since the compressive force of 

5 clamping given to the foam sheet 2 is mitigated at 
said swollen-out portion, an annular compression 
reducing zone A substantially wedge-shaped out- 
wardly in section is formed by itself at a part on the 
lower side of the foam plate 2 surrounding the gate 

70 10. 

The process then proceeds to the synthetic 
resin injection step shown in FIG. 5(d). The mica- 
blended polypropylene resin which has been melt- 
ed and plastictzed by being heated to about 220*0 

75 in the injection cylinder 25 is injected toward the 
gate 10 through a nozzle 24 first under a pressure 
of about 100 kg/cm2. This injected resin pushes 
aside the foam sheet positioned confronting the 
end face of the gate 10 and forces its way between 

20 the two foam sheets 2 and 3 while forming a flow 
passage. 

The molten resin which has reached the com- 
pression reducing zone A at the periphery of the 
gate 10 behaves in the manner of spreading out 

25 said wedge-shaped portion with the pressure it 
possesses, thus creating a condition favorable for 
the molten resin to be forced into and flow on 
t>etween the two foam sheets. When this stage has 
t»een reached after about 2 seconds from start of 

30 injection, the Injection pressure is adjusted step- 
wise to 200 kg/cm2, whereby the space between 
the opposing faces of the two foam plates 2. 3 is 
progressively spread out as the foam plates are 
further compressed by the pressure of the injected 

35 resin, so that thereafter the resin is allowed to 
smoothly flow into the space between the foam 
sheets and casting of the resin aking the full length 
of foam sheet is completed in about 6 seconds 
after start of injection. 

40 The flow rate of resin during this period was 

about 1 5 mm/sec. The thus formed layer of molten 
resin is kept to an almost unffonn thickness along 
its full length due to the balance of force between 
the restorative force acting against the compressive 

45 deformation of the foam sheets 2 and 3 and the 
pressure possessed by the injected resin (step (e)). 

In the case of this emtjodiment, the foam 
sheets 2 and 3 were compressed from 9.0 mm to 
2.2 mm by being stuffed up in the mold, and they 

50 were further compressed under the injection pres- 
sure of molten resin to atiout 0.3 mm, correspond- 
ing to about 3.3% of the original thickness, the 
compression rate reaching 97%. 

After casting of molten resin into the spiace 

55 between the two foam sheets has been ended, the 
injection pressure is raised to the level of 400 
kg/cm^ and kept at this level for about 4 seconds to 
attain stabilization of the texture of the injected 
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molding resin layer and improvement of its prop- 
erties. Then, after the cooling step, the molded 
article is withdrawn from the mold (step (f))- In this 
molded article, the foam sheets 2, 3 are very 
strongly bonded to both front and rear sides of the 
damper body 1 which is a molded piece of hard 
synthetic resin, and this molded article can be 
offered as a finished damper. 

In the finished damper F. the damper body 1 
made of a mica-blended polypropylene resin had 
an almost uniform thickness of about 3.8 mm, and 
each of the foam sheets 2, 3 bonded to both sides 
of said damper body was reduced in thickness by 
about 2 mm and had a thickness of atwjut 7.0 mm. 

At the start of the experiment, it was feared 
that when the injected molten resin forces its way 
between the two foam sheets 2 and 3. there might 
occur some undesirable phenomena on the foam 
sheets, such that the foam sheets by shifted in the 
mold cavity by the force of the pressurized resin 
flow or turned up at the edges or caught up In the 
resin flow, but the occurrence of such undesirable 
phenomena could be avoided by adopting the spe- 
cific molding conditions of the present invention. 

As the main factors that have enabled obtain- 
ment of the desired molded article under such 
specific injection moWing conditions, the first and 
second factors mentioned in the explanation of the 
first invention may be refenred to. It is also pointed 
out as the third factor that the foam sheets 2 and 3 
are pressed into the mold cavity in a compressed 
state. The effect of compression of the foam sheets 
is described below with reference to RG. 10. 

RG. 10 is a graph showing diagrammatically 
the resistance (moving resistance) given to the flow 
of pressur ized molten resin by the foam sheets 2. 
3 compressed in the mold cavity (the diagram 
t>eing based on ttie actual measurements). Both 
foam sheets 2 and 3 are uniformly compressed in 
the mold, but since they are strongly pressed 
against the tx)ttom surface of the cavity by com- 
pression, a large frictional force develops at both 
end faces in the thicknesswise direction. Therefore, 
the force resisting the movement of resin flow 
urging the foam sheets in the direction of resin flow 
(horizontal direction) is the greatest at both end 
faces and diminished gradually toward the center 
of foam sheet Since the molten resin advances in 
the direction of sheet surface along the central part 
of foam sheet in its thicknesswise direction, the 
resin can spread in the space between the two 
foam sheets While widening it out relatively, and it 
hardly becomes possible that the resin is removed 
against the frictional force of contact with the wall 
surface of mold cavity by the injection pressure. 

Fie. 6 illustrates the fifth emljodlment relating 
to the second Invention. In the molded article G of 
this embodiment, as seen from a sectional view of 



the article shown in FIG. 6(d), cutouts 2B, 38 are 
provided in the foam sheets 2, 3 bonded integrally 
to both surfaces of the damper body 1 so that the 
damper body 1 is bared out at the parts which 

5 needn't be bonded to the foam sheets. This env 
bodiment differs from the fourth embodiment in 
that said cutouts are provided. 

in this embodiment, therefore, the upper and 
lower dies 11, 12 of the injection mold are provided 

TO wrth the protuberances IIB. 12B for preventing the 
molten resin from flovwng into said cutouts (see 
RG. 6(a)). 

The presence of such resin flow obstructive 
protut>erances in the mold cavity can more posi- 

75 tively inhibit uniform flow of molten resin in be- 
tween the two foam sheets. Said protuberances 
1 1B. 12B are so designed that Hke the gate 10. the 
end faces thereof won't be flush with the plane of 
contact of the two foam sheets 2. 3 but each 

20 protuberance will slightly wedge into the contacting 
foam plate so that a compression reducing zone A 
wedge-shaped in cross-section will be formed by 
itself in the surface of foam sheet surrounding the 
end of the protuberance as in the case of gate 10 

25 (see RG. 6(b)). 

According to such mold constructkjn, as illus- 
trated in FIG. 6(c), the molten resin 1 which is 
injected from the gate 10 into the compression 
reducing zone A at the interface of the two foam 

30 sheets 2, 3 as in the case of the fourth embodi- 
ment impinges against the protutierance 118 or 
12B positioned in the way of resin flow and flows 
into the compression reducing zone A where the 
resistance to advancing resin flow is relatively low. 

35 and as the resin flows into and advances in the 
compression reducing zone A encompassing the 
protuberance, It can easily reach the position past 
said protuberance. And owing to said effect of 
presence of the compression reducing zone A, 

40 spreading of tfie molten resin in the area around 
the protuberance is promoted and the foam sheets 
are prevented from t»etng shifted or deformed. 

FIG. 7 illustrates the sixth embodiment relating 
to the second invention. This embodiment corv 

45 cems the manufacture of an injection molded arti- 
cle having a complicated structure involving parts 
crossing each other, for example a damper having 
a T-shaped cross-section shown in FIG. 7. molding 
of which IS impossible or very difficult with the 

50 stamping molding method described tiefore. 

The damper H shown sectionally in RG. 7(c) 
has an angular plate-like configuration. A wind di- 
rection deflector 1C is provided Integrally with and 
projecting vertically from a middle part of one 

65 surface of the damper body 1A which has at an 
end thereof an Integral damper piv tal shaft IB, 
and the foam sheets 2, 3 are bonded to both sides 
of the damper body 1 A and to one side of said 
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wind direction deflector 1C as show/i in the draw- 
ing. 

In this embodiment is employed a method in 
which multlplepoint pin gates (three gates 10 in this 
embodiment) are incorporated in the mold. Accord- 
ingly, the foam sheet 2 disposed on the upper side 
is formed with three holes 2A for passing the 
respective gates 10. The foam sheet 3 disposed on 
the lower side has its central part blanked in U- 
shape, the raised-up portion being bent downwar- 
dly at a right angle (90") and bonded to one side 
of the wind direction deflector 1C (see FIG. 7(a)). 

The injection mold, as shown in FIG. 7(b), has 
a three-split structure consisting- of a fiat plate-like 
upper die 13 and a pair of inverted L-shaped lower 
dies 14 and 15. The molding cavities for the damp- 
er body 1A and the pivotal shaft 1B are formed in 
the upper surfaces of the upper die 13 and a pair 
of lower die 14, 15, and a molding cavity for the 
wind direction deflector 1C is formed between the 
vertical portions of said pair of lower dies 14, 15. 

The two foam sheets 2 and 3 cut and bent into 
the shapes shown in FIG. 7(a) are rightly positioned 
in the mold cavities in a state where the spaces 
between the respective splits 13-15 are properly 
opened, and then the mold is clamped to bring 
them into the state shown in FIG. 7(b). In- the 
drawing, numeral 26 indicates a sprue and 27 a 
runner. One of the three gates 10 is disposed 
adjacent to the joint section of the damper body 1 
and the wind direction deflector 1 C. 

Since the process for integral injection molding 
with the foam sheets In this embodiment is sub- 
stantially the same as those of the preceding em- 
bodiments, the explanation of such process is 
saved here. 

FIG. 8 is a side view of a damper I obtained 
according to the seventh embodiment of the inven- 
tion (second invention). This damper consists of a 
doglegged plate-like damper IE and a flat plate- 
like damper IF bonded to each other as shown in 
the drawing and thus has a more complicated 
three-dimensional structure. 40 indicates a damper 
swing arm provided with a pivotal shaft 41, and 
40A designates reinforcing ribs. A three-split mold 
is used in this embodiment, and the foam sheets 5 
are bonded to both sides of the damper body 
similarly to the fourth to sixth embodiments. 

FIG. 11 shows a diagrammatic graph similar to 
FIG. 10. illustrating the resistance to the resin flow 
by the foam sheets in case of making a damper 
according to the same method as the fourth em- 
bodiment of the second invention by using two 
foam sheets 5 each having a polypropylene film 4 
laminated on the surface thereof. 

In this embodiment, unlike the case where the 
foam sheet has no synthetic resin filmy layer, the 
two foam sheets 5 provide a large resistance to 



movement of resin in the direction of plate surface 
due to the film reinforcing effect by the presence of 
polypropylene film as a non-porous material layer. 
Thus, the two foam sheets 5 show a high resis- 

s tanc© to movement of resin at the face contacting 
the mold wall and at the face contacting the casting 
zone of injected molten resin.' and this proves ef- 
fective for preventing the foam sheets from being 
shifted or deformed in the course of injection of 

10 resin. 

Also, as seen from an enlarged view of the 
gate and Its neighborhood on the left side of FIG. 
11, the end of the gate 10 is slightly pressed into 
the tower laminate foam sheet 5, whereby an an- 

15 nular space B substantially wedge-shaped in cross- 
section is formed by itself surrounding the gate 10. 

This space B, like the compression reducing 
zone A described before, can effectively play the 
role of expediting the smooth flow of molten resin. 

20 The size of the space B is variable according to the 
depth of thrust of the gate end into the foam sheet 
and the material and thickness of the synthetic 
resin layer 4, so that in some cases, depending on 
these conditions, the space B may be scarcely 

25 formed. 

In the embodiments described above, poly- 
propylene resin has been used as injection molding 
resin, but it is of course possible to use all other 
types of thermoplastic synthetic resins capable of 

30 injection molding. It is further possible where nec- 
essary to use thermosetting synthetic resins having 
injection moldability or synthetic resins or 
elastomers having reactive curing properties. 

As the porous member, there can be used, in 

35 addition to soft polyurethane foam mentioned 
above, the foams of various kinds of soft synthetic 
resins or elastomers such as polyether type poly- 
urethane. polyethylene, ethylene-vinyl acetate 
copolymer, vinyl chloride, etc., and various kinds of 

40 synthetic rubber. 

As for the desired property values of the foams 
suited for use in this invention, it was determined 
as a result of many tests that the foaming ratio 
should be 10 to 60 times, preferably 20 to 50 

45 times, and the cell size should be in the range of 
250 to 1 ,500 u, preferably 300 to 1,000 u. 

When the foaming ratio and cell size are below 
the above-defined ranges, the permeation of in- 
jected molten resin into the surface portion of the 

50 foam becomes insufficient particulariy in case the 
foam has no resin layer on its surface, and no 
satisfactory bonding can be effected between the 
foam and the injected molten resin. On the other 
hand, when the foaming ratio and cell size exceed 

55 the above-defined ranges, the molten resin perme- 
ates too much, increasing the degree to which the 
foam is fixed in a compressed state by the infil- 
trated resin, resulting tn a marked decrease of 
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effective thickness of the foam when the molded 
article is withdrawn from the mold. 

Also, since the respective types of foams have 
their specific heat resistance and compression 
characteristics, it is necessary to select a foam of 
the proper type according to the change of resin 
injection temperature by the use of different kinds 
of injection molding resin. 

The porous elastic member used in this inven- 
tion may not necessarily be a plate-like member 
made of a single material; it may be a laminate of 
different types of foams or a bonded combination 
of a foam with an agglomerate of fibrous material. 
Also, it may have a three-dimensional configuration 
according to the purpose of use ot the molded 
article. 

The thermoplastic synthetic resin used for for- 
ming a thin resin layer on the surface of the porous 
elastic member is preferably the same as the in- 
jecting molding resin, but any resins showing a 
compatibility with the injection molding resin when 
melted are also usable. 

The thickness of the thin resin layer is defined 
within the range of 0.2 to 1.0 mm. preferably 0.3 to 
0.5 mm. as this range of thickness is best suited 
for the resin layer to perform its intended role in a 
state of being laminated on the porous elastic 
member without affecting the excellent flexibility of 
the elastic member. 

The molding conditions in conducting integral 
injection molding with the porous elastic member 
are also variable depending on the properties of 
the injection rholding resin and of the porous elas- 
tic member used, but it is desirable that the com- 
pression rate (rate of decrease of thickness by 
compression) of the porous elastic member com- 
pressed by the injected resin pressure be defined 
within the range of 50 to 98%. If the compression 
rate exceeds this range, no satisfactory infiltration 
of the resin into the porous elastic member will be 
effected, resufting in a poor bond to the injection 
molding. A lower compression rate than the above- 
defined range may become a cause of excessive 
permeation of molten resin into tiie foam surface 
portion, resulting in an increased degree of foam 
sheet thickness reduction. 

Regarding the injection pressure, it is to be 
noted that the ordinary injection molding pressure 
in the conventional methods is set at a fairly high 
level of 600 - 1,500 kg/cm^ and accordingly the 
flow rate of molten resin in the mold is as fast as 
50 - 200 mm/sec. whereas according to the injec- 
tion molding method of this invention, the injection 
pressure is controlled to a very tow level of 250 
kg/cm' at its peak. Further, as opposed to the 
conventional methods in which the injection pres- 
sure is maintained at a constant level from start to 
end of injection, ttie injection molding in the meth- 



od of this invention is started with as low an injec- 
tion pressure as 30 kg/cm^. and as already stated, 
the injection pressure is adjusted stepwise. In at 
least two steps, according to the situation of Coist- 

5 ing of resin into the mold. This enables smooth 
injection of resin into the specific injection space in 
the mold used in this invention. 

If tiie injection pressure is below the defined 
range of 30 to 250 kg/cm^. the resin is little irifil- 

70 trated into the surface portion of the porous elastic 
member, while if the injection pressure exceeds 
said range, ttie resin ts permeated excessivety to 
give rise to troubles such as mentioned above. 
As regands the dwell pressure which Is k pt 

75 applied for a given period of time after completion 
of injection, a pressure not lower than 300 kg/cm^ 
is necessary as in the case of ordinary injection 
molding, but a pressure exceeding 500 kg/cm^ 
may cause internal strains or formation of burrs 

20 due to overcharging. 

While the present invention has been de- 
scribed concerning Its embodiments as applied to 
molding ot an air duct opening/closing damper 
having bonded thereto a foam sheet (or foam 

25 sheets) designed to serve as airtight seal and buff- 
er, it will be understood that it is possible according 
to the method of ttiis invention to produce not only 
ttie articles having a simple flat configuration such 
as dampers but also various kinds of functional 

30 parts having a complicated three-dimensional con- 
figuration and non*uniform in thickness of foam 
sheet(s) and/or injection molded portion. 

35 Claims 

1. A metiiod of producing a synthetic resin 
made article having a porous elastic member, com- 
prising the steps of: 

40 placing a porous elastic member In position 

against the inner wall surface of one ot the oppos- 
ing segments of an injection mold splittable into 
two or more segments; 

closing said injection mold and compressing 

4S said porous elastic member by the clamping pres- 
sure; 

casting a synttietic molding resin along ttie 
surface of said porous elastic member: and 

applying a dwell pressure of a preset level for 
so a prescribed period of time to the synthetic resin 
injected into said mold. 

2. The metiiod according to Claim 1. wherein 
said porous elastic member, after compressed by 
clamping pressure. Is further compressed by said 

55 injection molding resin pressure in said mold until 
said member reaches a compression rate in the 
range of 50 to 98%. 
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3. The method according to Claim 1 or 2, 
wherein said synthetic resin is injected Into and fills 
up said nnold with the resin injection pressure be- 
ing adjusted stepwise within the range of,30 to 250 
kg/cm2. 

4. The method according to any of Claims 1 to 

3, wherein said injection pressure is raised in at 
least two steps. 

5. The method according to any of Oaims 1 to 

4, wherein said porous elastic memtser is a soft 
synthetic resin foam. 

6. The method according to any of Claims 1 to 

5, wherein a thin film of a thermoplastic synthetic 
resin is laminated on the side of said porous elastic 
member where the injected synthetic resin is cast. 

7. The method according to any of Claims 1 to 
5. wherein said dwell pressure does not exceed 
500 kg/cm2. 

8. A method of producing a synthetic resin 
made article having porous elastic members, which 
comprises the steps of: 

placing the porous elastic members in position 
against the inner wall surfaces of each pair of 
opposing segments of an injection mold splittable 
into two or more segments; 

closing said injection mold and compressing 
said two porous elastic members by clamping 
pressure while the protuberant end of a gate pro- 
vided in the mold Is thrust into said elastic mem- 
bers so that said protuberant gate end will pass 
through one of the two porous elastic members 
and slightly wedge into the surface of the other 
elastic member, 

casting a synthetic molding resin along the 
opposing faces of said two porous elastic mem* 
bers: and 

applying a dwell pressure of preset level, for a 
prescribed period of time, to the synthetic resin 
injected into said mold. 

9. The method according to Claim 8, wherein 
said two porous elastic members, after com- 
pressed by clamping pressure, are further com- 
pressed by said injected resin pressure in said 
mold until said members reach a compression rate 
in the range of 50 to 98%. 

10. The method according to Claim 8 or 9. 
wherein said synthetic resin is injected into and fills 
up said mold with the resin injection pressure t>e- 
Ing adjusted stepwise within the range of 30 to 250 
kg/cm2 

11. The method according to any of Claims 8 
to 10, wherein said injection pressure is raised in at 
least two steps. 

12. The method according to any of Claims 8 
to 11. wherein said porous elastic members are a 
soft synthetic resin foam. 



13. The method according to any of Claims 8 
to 12. wherein a thin film of a thermoplastic syn- 
thetic resin is laminated on the opposing sides of 
said two porous elastic members. 
5 14. The method according to any of Claims 8 

to 13. wherein said dwell pressure does not exceed 
500 kg/cm2. 
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® Method of producing synthetic resin made articles having porous elastic member. 



@ A method of producing a synthetic resin made 
article having a porous elastic member.whlch is use- 
ful as an air duct opening/closing damper adaptable 
in air conditions for automobiles, comprising the 
steps of: 

placing a porous elastic member in position 
^against the inner wall surface of ohe of the opposing 
^segments of an injection mold splittabie into two or 

more segments; 
^ closing said injection mold and compressing said 
porous elastic member by the clamping pressure; 
casting a synthetic molding resin along the 
^surface of said porous elastic member; and 
<^ applying a dwell pressure of a preset level for a 
^prescribed period of time to the synthetic resin in- 
jected into said mold, and 
A- a method of producing a synthetic resin made 
^article having porous elastic members, which Is use- 
ful as an air duct opening/closing damper adaptable 



in air conditions for automobiles, which comprises 
the steps of: 

placing the porous elastic members in position 
against the inner wall- surfaces of each pair of oppos- 
ing segments of an injection mold splittabie into two 
or more segments; 

closing said injection mold and compressing said 
two porous elastic mernbers by clamping pressure 
white the protuberant end of a gate provided in the 
mold is thrust into said elastic memt>ers so that said 
protuberant gate end will pass through one of the 
two porous elastic members and slightly wedge into 
the surface of the other elastic member; 

casting a synthetic molding resin along the 
opposing faces of said two porous elastic members: 
and 

applying a dwell pressure of preset level, for a 
prescribed period of time, to the synthetic resin 
injected into said mold. 
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